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Coral reefs are in dramatic global 
decline due to a host of local- and 

global-scale anthropogenic disturbances 
that suppress corals and enhance sea-
weeds. This decline is exacerbated, and 
recovery made less likely, due to over-
fishing of herbivores that normally limit 
seaweed effects on corals. Seaweeds 
were known to suppress coral reproduc-
tion and recruitment, but in a recent 
study, we demonstrated that numerous 
seaweeds also directly poison corals via 
lipid-soluble allelochemicals transferred 
during contact. These allelopathic inter-
actions may limit reef recovery once sea-
weeds proliferate and commonly contact 
remaining corals. Other recent studies 
suggest that seaweeds may also dam-
age corals by enhancing coral disease or 
via release of water-soluble compounds 
that stimulate damaging microbes. For 
some of these mechanisms, cause ver-
sus effect is not yet clear. Here, we sug-
gest that these different mechanisms are 
not mutually exclusive, may interact in 
context-dependent ways, but need to be 
assessed under ecologically realistic field 
conditions where flow may limit impacts 
of some mechanisms.

Introduction and Context

Corals are foundation species providing 
the topographic complexity upon which 
other reef organisms depend. However, 
corals and thus reefs, are in rapid global 
decline due to climate-induced bleach-
ing,1 coral disease,2 the cascading effects 
of overfishing,3,4 and numerous other 
stresses. In addition to these demon-
strated impacts, ocean acidification looms 
as a large problem for reefs5 and may 
already be slowing calcification and coral 
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growth.6 Regardless of the initial causes 
of coral decline, a phase shift from corals 
to seaweeds is common,7,8 and the associ-
ated interactions between seaweeds and 
remaining corals may produce negative 
feedbacks limiting reef recovery.9

Despite the potentially critical role of 
seaweed-coral interactions on reefs, it was 
uncertain whether seaweeds were a cause 
or simply a consequence of coral decline.9 
Seaweeds may proliferate following coral 
death from bleaching or disease because 
much substrate becomes available for 
colonization and herbivores are unable 
to effectively suppress this additional sea-
weed growth.10,11 Alternatively, studies 
have experimentally demonstrated sea-
weed blooms and coral declines following 
exclusion of herbivores alone,12,13 or even 
lowering of herbivore diversity without 
changing herbivore mass or density.14 The 
importance of these small scale experi-
ments is bolstered by large-scale observa-
tions of seaweed growth and coral decline 
when fishing or herbivore disease removes 
herbivores across large spatial scales.3,7 
Thus it appears that seaweeds may profit 
from coral decline, but may also directly 
harm corals when not limited by herbi-
vores; however, the mechanisms and out-
comes of seaweed-coral interactions are 
poorly understood.

Our recent study15 offers the first evi-
dence that common seaweeds in the 
Caribbean and Pacific damage corals 
using lipid-soluble allelochemicals trans-
ferred via contact. Thus, disturbances that 
enhance seaweeds may cause a cascade of 
coral loss due to a greater frequency of 
coral-seaweed contact and the resulting 
seaweed allelopathy against corals. These 
interactions will be especially detrimental 
to small remnant corals with a high ratio 
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impact of antibiotics indicates a role for 
microbes in damaging corals, but much of 
the greater microbial growth and lower O

2
 

could be a consequence rather than a cause 
of coral death and the greater flow typical 
of field conditions might limit the effect 
of water-soluble compounds produced 
by seaweeds. In our field experiments, 
we observed no near-contact effects or 
pathologies spreading beyond areas of 
direct contact; one would expect such 
effects if seaweeds were vectoring patho-
gens21 or stimulating damaging microbes 
via water-soluble metabolites.22-24 In our 
study, impacts of intact seaweeds could 
be replicated by treating corals with non-
polar metabolites from seaweed surfaces 
alone. Another field study also failed to 
detect effects of seaweeds when near cor-
als (2–3 cm) and suggested that direct 
contact might be required.27 Disparities 
in experimental outcomes may result from 
the differing hydrodynamic environments 
of lab versus field studies; under field con-
ditions, flow and turbulence might rapidly 
advect polar metabolites and select for 
chemical-mediation via lipophilic com-
pounds deployed on contact. However, 
one can imagine some conditions (e.g., 
intertidal reef-flat pools at low tide) where 
polar metabolites from dense seaweeds 
could accumulate at high concentrations 
and affect corals. Because microbially-
mediated effects of seaweeds on corals 
are often characterized by anoxia,24-25,28 
and water flow impacts oxygen flux at 
micro-scales,29 indirect effects of seaweeds 
on microbe-coral interactions may be 
restricted to low-flow conditions.

Future Directions

Numerous common seaweeds chemically 
poison corals when in contact, even on tur-
bulent, high-flow, reef flats.15 Knowledge 
of how these interactions vary among 
different seaweed-coral combinations 
and across life history stages of corals are 
needed to better understand how seaweeds 
may alter the trajectories of coral reefs dur-
ing both periods of decline and recovery. 
Elucidation of the seaweed secondary 
metabolites responsible for these interac-
tions will also benefit our knowledge of 
the proximate and ultimate factors shap-
ing the function of seaweed metabolites.

pathogens. Primacy of lipid-soluble com-
pounds as allelopathic agents makes eco-
logical sense in the sea, given the rapid 
advection of water-soluble compounds in 
high-flow environments.

However, other studies demonstrate 
that seaweeds may impact corals via 
physical mechanisms such as shading or 
abrasion,20 via vectoring of coral disease,21 
or via release of primary, water-soluble 
metabolites that stimulate damaging 
microbes.22-26 Therefore seaweeds may 
negatively impact corals via multiple 
mechanisms. Here, we suggest that these 
mechanisms need not be mutually exclu-
sive, could interact to affect coral health 
in a context-dependent manner, but need 
to be evaluated under ecologically realistic 
field conditions.

Laboratory studies using still-water 
assays24,26 show that seaweed damage of 
corals is associated with microbial growth, 
low levels of O

2
 where seaweeds and cor-

als are in near contact, and that antibiot-
ics prevent coral death in these laboratory 
conditions. It is suggested that the water-
soluble compounds leaking from seaweeds 
stimulate microbes that harm corals. The 

of seaweed contact per unit area. Because 
seaweeds also suppress coral fecundity 
and recruitment via chemically- and 
physically-mediated interactions,16-20 alle-
lopathic interactions could play a critical 
role in reef decline via negative feedbacks 
that limit reef recovery.

Mechanisms of Seaweed-Coral 
Interactions

Our study15 demonstrates that seaweed 
allelopathy could commonly suppress 
corals. When corals in the genus Porites 
were in contact with seaweeds, those 
contacted by some seaweeds experienced 
bleaching, inhibited photosynthesis, and 
in some cases tissue death (Fig. 1A and 
B). We determined that several seaweeds 
produced surface-associated metabolites 
that caused these effects. In our study, 
physical effects of shading or abrasion 
from plastic or nylon seaweed mimics had 
no detectable effects and chemical effects 
occurred only in areas of direct contact; 
damage did not spread beyond these areas 
(Fig. 1), suggesting a direct role for surface 
metabolites and a limited role of microbial 

Figure 1. Bleaching of Porites corals after 20 d of contact with (A) Lobophora variegata in the 
Caribbean, (B) Chlorodesmis fastigiata in the tropical Pacific, (C) a mimic designed to replicate the 
shading and abrasion of Chlorodesmis fastigiata and (D) a rope control only. Areas of corals af-
fected were limited to areas of direct contact.
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of these mechanisms in suppressing cor-
als, the conditions under which each oper-
ates, when they function synergistically 
versus separately, and which herbivores 
best control the most damaging seaweeds 
should allow for better reef management 
and improved resilience of reefs following 
a host of present-day stresses.
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Field tests of seaweed-microbe-coral 
interactions are needed to determine the 
hydrodynamic conditions under which 
these interactions can impact corals, and 
whether these effects occur alone or inter-
act synergistically with allelopathic and 
physical effects of seaweeds on corals. The 
most parsimonious explanation for the 
patterns in our study is a direct allelopathic 
effect of seaweed non-polar metabolites, 
but we can not exclude the possibility that 
microbes played some role in the mode of 
action. Future research will benefit from 
deciphering whether altered microbial 
activity on corals in contact with seaweeds 
is a cause of coral mortality, the result of 
microbial decomposition of coral tissues 
following damage from allelochemical, 
physical effects of seaweeds, or a synergis-
tic interaction of multiple mechanisms.

Currently, there are few field studies 
to suggest that seaweeds release primary 
metabolites (i.e., dissolved organic car-
bon (DOC)) at concentrations and scales 
capable of impacting coral-microbe inter-
actions.15,23,25,27 Measurements of primary 
metabolite release from seaweed surfaces 
and transport rates across boundary lay-
ers will help to determine the scales and 
conditions under which seaweed primary 
metabolites have an effect on coral-microbe 
interactions. We observed no effects that 
one would expect from primary metabo-
lites stimulating microbes, and others also 
have suggested that direct contact may be 
required for seaweed metabolites to affect 
corals.27 Moreover, there is evidence that 
seaweeds may serve as a reservoir and vec-
tor for coral disease;21 it is possible that 
direct contact not only vectors pathogens, 
but also chemically stresses corals, mak-
ing them more susceptible to disease. It is 
increasingly clear that seaweeds directly 
damage living corals. Because of the few 
available studies, it is less clear whether 
seaweeds suppress corals primarily via 
allelopathy, disease transmission or medi-
ation of microbe-coral interactions. It is 
likely that these mechanisms interact. A 
better understanding of the relative roles 


